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Remarks 



This Preliminary Amendment cancels, without prejudice, claims 1-6 in the 
underlying PCT Application No. PCT/DE03/0221 1 and adds new claims 7-12. The 
new claims, inter alia , conform the claims to United States Patent and Trademark 
Office rules and do not add any new matter to the application. 

In accordance with 37 C.F.R. § 1.125(b), the Substitute Specification 
(including Abstract) contains no new matter. The amendments reflected in the 
Substitute Specification (including Abstract) are to conform the Specification and 
Abstract to United States Patent and Trademark Office rules or to correct 
informalities. As required by 37 C.F.R. §§ 1.121(b)(3)(ii) and 1.125(c), a Marked- 
Up Version of the Substitute Specification comparing the Specification of record 
and the Substitute Specification also accompanies this Preliminary Amendment. 
Approval and entry of the Substitute Specification (including Abstract) are 
respectfully requested. 

The underlying PCT Application No. PCT/DE03/0221 1 includes an 
International Search Report, dated November 12, 2003, a copy of which is 
included. The Search Report includes a list of documents that were considered by 
the Examiner in the underlying PCT application. 

Applicants assert that the subject matter of the present application is new, 
non-obvious, and useful. Prompt consideration and allowance of the application 
are respectfully requested. 



Respectfully Submitted, 



KENYON & KENYON 





One Broadway 

New York, NY 10004 

(212)425-7200 
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[10191/3926] 

FUEL INJECTOR 

Background Information 

Th e pr e sent i nv e ntion is d i r e ct e d to a fue l i nj e ctor of th e typo set forth in th e main 
c lai m. 

From the-European Patent No. 0 683 862-B4 an electromagnetically operable fuel 
5 injector is known whose armature is characterized in that the armature stop face 
facing the inner pole has a slightly wedge-shaped design in order to minimize or 
completely eliminate the hydraulic damping upon opening of the fuel injector and the 
hydraulic adhesion force after interruption of the current that energizes the solenoid 
coil. In addition, owing to suitable measures such as vapor deposition and nitration, 
10 the stop face of the armature is wear-resistant, so that the stop face has the same 
size during the entire service life of the fuel injector and the functioning method of the 
fuel injector is not impaired. 

Disadvantageous in the fuel injector known from European Patent No. EP 0 683 862 
15 &4-r 862, in spite of the optimized armature stop face, is primarily the hydraulic 
damping force still acting in the working gap upon pull-up of the armature. If an 
excitation current is applied to the solenoid coil, the armature moves in the direction 
of the inner pole and, in so doing, displaces the fuel present between the inner pole 
and the armature. Because of frictional and inertia effects, a local pressure field 
20 builds up which produces a hydraulic force on the armature stop face that acts 

counter to the moving direction of the armature. The opening and fuel-metering times 
of the fuel injector are thereby prolonged. 

Summary o f4be Of The Invention 

25 In contrast to the related art, the fuel injector according to the present invention 

hav i ng the features of th e main claim has the advantage that, owing to the design of 
the surface structure of the coating applied on the armature, the armature stop face 
is not only effectively protected, but the hydraulic damping force is greatly reduced 
as well, so that the fuel injector is able to be opened more quickly, which results in 

30 more precise metering times and metering quantities and also in increased 
robustness during continuous operation. 
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A particular advantage is that the coating has raised and recessed areas; the 
difference in height between the areas is dimensioned in such a way that the 
recessed areas will remain below the raised region even after lengthy operation. 

5 Advantageous furth e r refin e m e nts and improv e m e nts of the fu el inj e ctor sp e c i f ie d i n 
th e main cla i m ar e r e nd e r e d possib le by the m e asur e s c i t e d i n the dep e ndent c l aims. 

The height different is advantageously between 5 pm and 10 pm, which is higher 
than the normal removal after the breaking-in phase. 

10 

The coating is advantageously made up of one or a plurality of chromium layer(s). 
Brief Description of the Drawing Of The Drawings 

An e x e mp l ary embod i m e nt of the pres e nt invention is r e pr e s e nted i n th e drawing i n 
15 s i mp l ified form and eluc i dat e d in gre a t e r d e tai l in the follow i ng d e script i on. 

Th e f i gur e s show: 

Figure 1 shows an axial section through a fuel injector according to the related art^ 

20 Figure 2A shows a highly schematized, enlarged cut-away portion from an 

exemplary embodiment of a newly coated armature of a fuel injector according to the 
present invention^and. 

Figure 2B shows a highly schematized, enlarged cut-away portion from the 
25 exemplary embodiment of the armature shown in Figure 2A, after an extended 
operating phase. 

Detailed Description 

Before an exemplary embodiment of an armature of a fuel injector according to the 
30 present invention is described more precisely with reference to Figures 2A and 2B, 
to better understand the invention, an already known fuel injector shall first be briefly 
explained with respect to its important components with the aid of Figure 1 . 

An exemplary embodiment of a fuel injector 1 according to the present invention, 
35 shown in Figure 1 , is designed in the form of a fuel injector for fuel-injection systems 
of mixture-compressing internal combustion engines having externally supplied 
ignition. Fuel injector 1 is especially suited for the direct injection of fuel into a 
combustion chamber (not shown) of an internal combustion engine. 
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Fuel injector 1 is made up of a nozzle body 2 in which a valve needle 3 is positioned. 
Valve needle 3 is in operative connection with a valve-closure member 4, which 
cooperates with a valve-seat surface 6 positioned on a valve-seat member 5 to form 
5 a sealing seat. In the exemplary embodiment, fuel injector 1 is an inwardly opening 
fuel injector 1 , which has one spray-discharge orifice 7. Seal 8 seals nozzle body 2 
from an outer pole 9 of a solenoid coil 10. Solenoid coil 10 is encapsulated in a coil 
housing 11 and wound on a coil brace 12, which rests against an inner pole 13 of 
solenoid coil 10. Inner pole 13 and outer pole 9 are separated from one another by a 
10 constriction 26 and interconnected by a non-ferromagnetic connecting part 29. 
Solenoid coil 10 is energized via a line 19 by an electric current, which may be 
supplied via an electrical plug contact 17. A plastic extrusion coat 18, which may be 
extruded onto inner pole 13, encloses plug contact 17. 

15 Valve needle 3 is guided in a valve-needle guide 14, which is disk-shaped. A paired 
adjustment disk 15 is used to adjust the (valve) lift. Armature 20 is on the other side 
of adjustment disk 15. Via a first flange 21 , it is in force-locking connection to valve 
needle 3 which is connected to first flange 21 by a welded seam 22. Braced on first 
flange 21 is a restoring spring 23, which is prestressed by a sleeve 24 in the present 

20 design of fuel injector 1 . 

Fuel channels 30, 31 and 32 extend in valve-needle guide 14, armature 20 and 
along a guide element 36. The fuel is supplied via a central fuel supply 16 and 
filtered by a filter element 25. A seal 28 seals fuel injector 1 from a fuel distributor 
25 line (not shown further) and an additional seal 37 seals it from a cylinder head (not 
shown further). 

Arranged on the spray-discharge side of armature 20 is an annular damping element 
33 made of an elastomeric material. It rests on a second flange 34, which is joined to 
30 valve needle 3 by force-locking via a welded seam 35. 

In the quiescent state of fuel injector 1 , armature 20 is acted upon by restoring spring 
23 against its direction of lift, in such a way that valve-closure member 4 is held in 
sealing contact on valve-seat surface 6. If solenoid coil 10 is energized, it generates 
35 a magnetic field that moves armature 20 in the lift direction, counter to the spring 

force of restoring spring 23, the lift being predefined by a working gap 27 that occurs 
in the rest position between inner pole 12 and armature 20. First flange 21 , which is 
welded to valve needle 3, is taken along by armature 20, in the lift direction as well. 
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Valve-closure member 4, being connected to valve needle 3, lifts off from valve seat 
surface 6, and fuel guided via fuel channels 30 through 32 is spray-discharged 
through spray-discharge orifice 7. 

5 If the coil current is interrupted, following sufficient decay of the magnetic field, 

armature 20 falls away from inner pole 13 due to the pressure of restoring spring 23, 
whereupon first flange 21 , being connected to valve needle 3, moves in a direction 
counter to the lift. Valve needle 3 is thereby moved in the same direction, causing 
valve-closure member 4 to set down on valve seat surface 6 and fuel injector 1 to be 
10 closed. 

Figure 2A shows an armature stop face 38 facing inner pole 13 of fuel injector 1 in a 
highly schematized, cut-away view. Armature 20 may have the same design as in 
fuel injector 1 already described in greater detail in Figure 1. 

15 

According to the present invention, armature stop face 38 is provided with a coating 
40, which not only protects armature stop face 38 and a corresponding stop face 39 
at inner pole 13 from wear, but by its special surface structure 41 also provides for a 
rapid flow-off of the fuel when armature 20 is pulled up in response to an energizing 
20 of solenoid coil 10, thereby not interfering with the opening operation of fuel injector 
1 . Furthermore, the cavitation of armature stop face 38 as well as stop face 39 of 
inner pole 13 is reduced since the fuel is not intermingled. 

Surface structure 41 has raised and recessed areas 42, 43, which are achieved by 
25 means of a corresponding coating method. Chromium is preferably used for coating 
40, which is deposited onto armature stop face 38 of armature 20 in a plurality of 
layers. This in particular results in raised areas 42 formed in the shape of a dome, 
between which recessed areas 43 are formed. 

30 As can be expected, the surface that is provided as armature stop face 38 by the 
alternating raised and recessed areas 42, 43 is smaller than an evenly flat armature 
stop face 38, so that less hydraulic adhering can be observed between armature 
stop face 38 and stop face 39 of inner pole 13 during closing of fuel injector 1 . 

35 On the other hand, after a beginning phase in continuous operation, surface 

structure 41 is worn away as can be seen in Figure 2B, to such an extent that a 
stable surface structure 41 comes about with very low subsequent wear (breaking 
in), which nevertheless continues to have recessed areas 43 used for drainage. The 
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height difference existing between raised and recessed areas 42, 43 prior to 
breaking in is between 5 and 10 pm and is reduced according to the typical wear 
depths by approximately 4 pm to 5 pm. This ensures effective draining of armature 
stop face 38 and at the same time provides a large contact area between armature 
stop face 38 and stop face 39 of inner pole 13. 

The present invention is not confined to the embodiment shown, and may also be 
implemented with a multitude of other fuel injector designs. As an alternative or in 
addition, coating 40 may also be provided on stop face 39 of inner pole 13. 
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Summary 

A fuel injector-{4) for fuel injection systems of internal combustion engines includes a 
solenoid coil-^O); an armature (20)-acted upon in a closing direction by a restoring 
spring (23) ; and a valve needle-{3), which is connected to the armature (20) in force- 
5 locking manner and on which a valve-closure member (4)-is formed, which forms a 
sealing seat together with a valve seat surface-(§). The armature-(20) strikes against 
a stop face (3&)-of an inner pole (43)-of the solenoid coil (40)-by way of a stop face 
(38), and the armature stop face (38)-is provided with a coating-(40). The coating 
(4Q)-has a surface structure-(44-). 

10 (Figures 1, 2A and 2B) 
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